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[0001] The present invention relates to a process for preparing high purity polyvinylidenfluoride. 
[0002] More particularly it relates to a process for preparing polyvinylidenfluoride (PVDF) with a reduced degree of 
contamination. The polyvinylidenfluoride obtained by the process of the invention shows also an high thermal stability 
and improved levels of white index even after thermal treatment at high temperatures, between 200°C and 250°C 
Moreover the reduced contamination of PVDF obtained by the process of the invention makes it possible the use of 
this material in applications where a high purity is required, for instance in those approved by FDA (Federal Drug 
Administration). All the properties indicated above are obtained by a high productivity process. 
[0003] It is known in the art to prepare PVDF, see for instance European patent EP 626,396 in the name of the 
Applicant, where the temperature synthesis is comprised between 95 and 120°C with the use of a non dangerous 
organic peroxide, in particular diterbutylperoxide (DTBP) and in the presence of a chain transfer agent. The surfactants 
used are those known in the art and in particular Surflon S111S being ammonium salts of mixtures of perfluoroalkylic 
acids. Such polymer combines good mechanical properties, reduced emission of hydrofluoric acid after exposure in 
temperature or to chemical agents such as weak bases. However the PVDF prepared according to this patent has 
unacceptable white index, and shows too high levels of contamination for the use of PVDF in the applications mentioned 
above. 

[0004] Moreover by this process, paraffinic waxes must be added in polymerization to avoid undesired coagula of 
the polymer on the reactor walls. This brings to PVDF with high contamination levels which further worsens the polymers 
quality for the indicated applications. 

[0005] In a successive patent US 5,473,030 in the name of the Applicant, with respect to the art indicated above it 
is described the use of a particular chain transfer agent (HCFC-123), not critical from the environmental impact point 
of view and at the same time capable of assuring superior levels of the PVDF white index, but not yet sufficient to 
obtain PVDF with a high degree of white index and for approved FDA applications indicated above. A further drawback 
is given by too high contamination levels for the above applications. 

[0006] Processes for preparing PVDF with a lower synthesis temperature are known, for instance between 60°-80°C 
wherein it is used diisopropyl peroxydicarbonate (IPP) as polymerization initiator, the above mentioned Surflon as 
surfactant, paraffinic waxes and CFC RH (trichlorofluoromethane) as chain transfer agent. Also this process does not 
bring to polymers with acceptable white index and the levels of the contaminants are such that the obtained PVDF 
cannot be utilized for the applications described above. 
[0007] The need was felt to have available PVDF with superior levels of white index especially after exposure of the 
material to temperatures peaks or to staying during the processing step. 

[0008] Tests carried out by the Applicant have revealed that the discoloration of the manufactured product after a 
thermal treatment depends on the intrinsic stability of the obtained material but also on the presence of contaminants 
35 on the final pellet. 

[0009] It is known from USP 4,990,283 the description of microemulsions based on perfluoropofyethers and on sur- 
factants of the (per)fluoropolyethers class with carboxylic end groups. Their use to prepare various types of fiuoro- 
containmg polymers is described in USP 4,864,006. Among the fluoro-containing olefins are mentioned in particular 
those utilized for preparing polymers of the type FEP (TFE/HFP), PFA (TFE/PFPVE), ETFE (TFE/ethylene), perfluoro 
elastomers (TFE/PFMVE) and fluoro-containing elastomers (VDP/HFP/TFE or VDF/PFMVE/TFE). 
[0010] Tests carried out by the Applicant with microemulsions exemplified in the USP 4,864,006 in the PVDF syn- 
thesis lead to a final polymer showing unacceptable colour levels and high contamination levels (see the comparative 
examples hereinbelow). 

[001 1] An object of the present invention is therefore a VDF polymerization process, optionally modified with amounts 
comprised between 0. 1 and 1 0% by moles, of one or more fluoro-containing comonomers, carried out in the presence 
of a microemulsion comprising a (per)fluoropolyether having neutral end groups, or microemulsions of fluoropolyoxy- 
alkylenes having hydrogen-containing end groups and/or hydrogen-containing repeating units or microemulsions of 
fluoropolyoxyalkylenes having hydrogen -containing end groups and/or hydrogen-containing repeating units and hy- 
drocarbons C-t-C^, preferably C r C 12 , of aliphatic, aromatic or mixed type, optionally containing halogens, preferably 
chlorine and/or bromine, said fluoropolyethers having number average molecular weight from 400 to 3000 and a 
surfactant based on (per)fluoro-polyethers with carboxylic end group salts, preferably sodium carboxylate, said sur- 
factant having a number average molecular weight Mn comprised between 400-600, preferably 400-550, and having 
a distribution of molecular weights such that fractions having a number average molecular weight higher than 700 are 
not present, or are in amount less than 5% by weight. The fractions between 600 and 700 not being higher preferably 
than 60, more preferably 20% by weight in the surfactant. 

[0012] The comonomers which can be utilized are: chlorotrifluoroethylene (CTFE), hexafluoropropene (HFP) 
tetrafluoroethylene (TFE), etc. See for instance USP 4,424,194 and 4,739,024. The preferred amounts of modifying 
comonomer are generally comprised between 0.5-6% by moles. 
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[0013] The perfluoropolyethers with neutral end groups utilized for preparing the microemulsions of the present in- 
vention comprise as repeating units sequences of one or more oxyfluoroalkylenic units such as -CF 2 (CF 2 ) z O-, wherein 
z is an integer equal to 1 , 2 or 3, -CR 4 R 5 CF 2 CF 2 0- wherein R 4 and R 5 equal to or different from each other are chosen 
from H, CI or perfluoroalkyl from 1 to 4 carbon atoms, -CF 2 CF(CF 3 )0-, -CFYO-, wherein Y is equal to F or CF 3 . In 
5 particular the utilizable perfluoropolyethers have generally number average molecular weight comprised between 400 
and 3000, more preferably between 600 and 1500. 

[0014] Preferably the perfluoropolyethers comprise as repeating units sequences of the following classes: 

a) (C 3 F 6 0) m .(CFYO) n . wherein the unit (C 3 F e O) and (CFYO) are perfluorooxyalkylenic units statistically distributed 
io along the chain; m' and n' are integers such as to give the molecular weight indicated above, and m'/YV is comprised 

between 5 and 40, when n' is different from 0; Y is equal to F or CF 3 ; n' can be also 0; said units inside the 
fluoropolyoxyalkylenic chain can optionally be bound among each other by a bond -O-RyO-, wherein R' f has the 
meaning defined in c); 

b) (C 2 F 4 0) p .(CFYO) q .- (C 3 F 6 0) f 

is wherein p' and q' are integers such that p'/q' ranges between 5 and 0.3, preferably 2.7-0.5, and such that the 

molecular weight is the one indicated above; V being an integer with the meaning of m\ Y = F or CF 3 ; V can be 0 
and q'/q'+p'+f lower than or equal to 1/10 and the t'/p* ratio is from 0.2 to 6; 

c) CR 4 R 5 CF 2 CF 2 0 wherein R 4 and R 5 are equal to or different from each other and chosen from H, CI or perfluor- 
oalkyl, for instance having 1-4 carbon atoms, the molecular weight being that indicated above, said units inside 

20 the fluoropolyoxyalkylenic chain being bound each other as follows: 

(OCR 4 R 5 CF 2 CF 2 ) p -0-R , f -0-(CR 4 R 5 CF 2 CF 2 0) q 

25 wherein R* f is a fluoroalkylenic group, for instance from 1 to 4 carbon atoms, p and q are integers from 0 to 200, 

and p+q is at least 1 and such that the molecular weight is that indicated above, 

d) CF(CF 3 )CF 2 0 

said units being linked each other inside the fluoropolyoxyalkylenic chain as follows: 
30 (OCF 2 CF(CF 3 )) a O-CF 2 (R t f ) x CF 2 -0-(CF(CF 3 )CF 2 0) b 

wherein R' f has the meaning indicated above, x is 0 or 1 , a and b are integers and a+b is at least 1 and such that 
the molecular weight is that indicated above, ' . / 

35 e) (C 2 F 4 0) a .(CFYO) b . 

wherein a' and b* are integers such that the molecular weight is inside the indicated range, aVb' ranges between 
5 and 0.3, preferably between 2.7-0.5, Y has the meaning indicated above. 

[0015] The fluoropolyetehers indicated are obtainable with the processes well known in the art, for instance USP 
40 3,665,041, 2,242,-218, 3,715,378, and the European patent EP 0239123. The functionalized f I uoropoly ethers with ' 
carboxylic end group salts of the invention (see below), are obtained for instance according to EP patent 0148,482, 
USP 3,810,874. 

[0016] The neutral end groups of the perfluoropolyethers indicated above are: perfluorbalkyls from 1 to 3 carbon 
atoms, CICF 2 CF(CF 3 )-, CF 3 CFCICF 2 -, CICF 2 CF 2 -, CICF 2 -. 

45 [0017] The microemulsions of fluoropolyoxyalkylenes having hydrogen-containing end groups and/or hydrogen-con- 
taining repeating units are described in the patent application EP 625,526, herein incorporated by reference; the mi- 
croemulsions of fluoropolyoxyalkylenes having hydrogen -containing end groups and/or hydrogen-containing repeating 
units and hydrocarbons c r c 20 , preferably C r C 12 , of aliphatic, aromatic or mixed type, optionally containing halogens, 
preferably chlorine and/or bromine are described in the patent application EP 95117052.1, herein incorporated by 

so reference. The fluoropolyoxyalkylenes having hydrogen-containing end groups can have a structure similar to the ones 
indicated for perfluoropolyethers having however at least an end group of the type -CF 2 H, -CF 2 CF 2 H, -CFH-CF 3 . 
[001 8] The perf luoropolyether surfactants as defined above have the same repeating units indicated for the perfluor- 
opolyethers having neutral end groups, but at least a carboxylic end group salt. In this case the number average 
moelcular weight of the surfactant and the distribution of the moleculr weights in the surfactant must be in the above 

55 indicated ranges. 

[0019] The preferred perfluoropolyethers according to the present invention have the following general formula: 
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R f O(CF 2 -CF(CF 3 )0) m .(CFYO) n .R" f 

having a random distribution of the perfluorooxyalkylenic units, wherein R, and R" f equal to or different from each 
5 other are neutral end groups as defined above, m* and n' are integers such as to meet the above requirements of 
average molecular weight : Y has the meaning indicated above. 
[0020] The preferred surfactant based on perfluoropolyether has the following formula: 

w R f -0(CF 2 CF(CF 3 )-0) m . - (CFY-0) n . -CF 2 COONa 

wherein R f , m\ n' and Y have the meaning indicated above. 
[0021] For preparing the microemulsions see the patents USP 4,990,283, EP 625,526, EP 95117052.1, herein in- 
corporated by reference. 

is [0022] By the microemulsion term, a system is meant in which perfluoropolyether is solubitized in a solution of sur- 
factant to give a liquid and stable monophasic solution during the time without supplying dispersion energy; the prep- 
aration of the microemulsion takes place indeed by mere mixing of the components. 

[0023] The temperature of the PVDF synthesis is comprised between 30°-1 30 a C, preferably 60M 20°C, the pressure 
is comprised between 30 and 100 bar. 

20 [0024] The initiators which are employed in polymerization are those well known in the PVDF polymerization, for 
instance the organic proxides, such as for instance diterbutylperoxide (DTBP) and isopropylperoxydicarbonate (IPP). 
[0025] The chain transfer agents which are employed are those well known in the patent literature for the PVDF 
polymerization, for instance it can be mentioned: isopropanol, acetone, ethyl acetate, trichlorofluoromethane (CFCI3, 
1,1,1-trifluoro-2 t 2-dichloroethane (HCFC-123). 

25 [0026] As well known, a mineral oil or a paraffin, liquid at the polymerization temperature,- is usually added in the 
polymerization in emulsion of the PVDF, in order to inhibit the coagulation of the polymer and hinder the adhesion to 
the reactor walls. It has been unexpectedly found by the Applicant that the use of the microemulsion in the polymeri- 
zation system according to the present invention is obtained with a superior stability of the latex, wherefore the use of -. 
said mineral oils or paraffins (waxes) is not required. 

30 [0027] Tests carried out by the Applicant have shown, by extraction measurements, that the surfactants generally 
used in the PVDF synthesis and described in the patent literature, such as for instance ammonium perfluorooctanoate 
or Surf Ion S11 1 S (produced by Asahi Glass) are not completely removed after the coagulum step, washings and drying 
and amounts comprised between 150-600 ppm are still present on the final powder. 

[0028] With the utilization of the microemulsions of the present invention, besides notably increasing the synthesis 
35 productivity in terms of higher polymerization rate, it is possible to do without the classic surfactants known in the PVDF 
patent literature and of the paraffinic waxes mentioned in the art on the PVDF polymerization in emulsion, and the 
sheets obtained by the pellets of the invention show an unexpected acceptable and improved white index. The sur- 
factant amount on the powders is determined by extraction with solvents from the powder and successive gaschro- 
matography of the extracted product (see the examples). 
40 [0029] The following examples are given for illustrative purposes and are not limitative of the present invention. 

EXAMPLE 1 

Preparation of the microemulsion (microemulsion A) 

45 

[0030] In a glass reactor equipped with stirrer, under mild stirring, 4.83 g of NaOH are dissolved in 32.83 g of dem- 
ineralized water. The obtained solution is added with: 

1 °) 52.35 g of acid having number average molecular weight 434 and the formula: 

so 

CF 3 0(CF 2 -CF(CF 3 )0) m ,(CF 2 0) ft .CF 2 CCX3H 

free from fractions having molecular weight higher than 700 and containing 9% by weight of fractions having mo- 
ss lecular weight comprised between 600 and 700. 
2°) 10 g of Galden< R ) having the formula: 
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CF 3 0(CF 2 -CF(CF 3 )0) m .(CF 2 0) n .CF3 
wherein m'/n' = 20, having number average molecular weight = 760. 

s 

[0031] The obtained system results quite clear between 2° and 90°C. 
VDF Polymerization 

w [0032] In a 21 1 horizontal reactor, equipped with stirrer working at 50 rpm, 16 1 of water and 50 ml of the microemulsion 
A containing 38.4 g of surfactant, are introduced. 

[0033] The reactor is heated up to 1 25°C and then broght to the pressure of 49 relative bar by feeding gaseous VDF. 
[0034] Further to the feeding of 55 g of diterbuty (peroxide the reaction is started and VDF is thus continuously fed 
so as to maintain the pressure constant of 49 relative bar After 28 g of reacted monomer 62 g of HCFC-123 are fed 
is as chain transfer agent. 

[0035] After 56 g of reacted monomer the synthesis temperature is brought to 1 00° C and the reaction continues at 
this temperature. 

[0036] After a predetermined amount of monomer reacted corresponding to 4800 g the reaction is stopped. The total 
time of polymerization results equal to 486 minutes. The polymer concentration in the latex results equal to 250 g/l latex. 
20 [0037] The number of particles of the latex of which the emulsion is formed, is measured by coulter nanosizer and 
results equal to 5.3 x 10 16 particles/liter of water (see Table (1). 

[0038] The latex is then coagulated by mechanical stirring, the obtained slurry is then washed 10 times with dem- 
ineralized H 2 0 at room "temperature with a ratio polymer/water 1/10 by weight and then" dried at 80°C for 24 hours. 
[0039] By extraction with methanol and successive gaschromatography of the extracted product, a residual content 
25 of surfactant equal to 70 ppm (see Table 2) is determined on the powder. 

[0040] -Then the powder is pelletized by extrusion and on the final pellet the Melt Flow Index (MFI) and the second 
melting temperature (J^) are determined by DSC. 

[0041] The thermal stability is then determined on 33 x 31 x 2 sheets molded by compression from pellets at 200°C 
for 2 minutes, after 4 minutes of preheating. To better verify possible effects of discoloration the thermal stability is 
.30 determined also on the post-treated sheets at 250°C x 2 hours in stove. 

[0042] "The thermal stability is quantitatively evaluated by measurements of white index on the sheets, according to 
ASTME313. . _„ 

[0043] The MFI values, measured at 232°C with 5 kg of load according to ASTM D-3222-88, the second melting 
temperature and the white indexes are reported in Table 3. 

35 

EXAMPLE 2 (comparative) 

[0044] One operates as in Example 1 except for the following variations: 

40 - instead of the microemulsion A are utilized as surfactant 17.6 g of Surflon S 111 S (ammonium salt of mixtures of 
perfluorooctanoic, perfluoroononanoic and perfluorodecanoic acid) commercialized by Asahi Glass and 9 g of 
paraffinic wax (commercialized by AGIP® 122-126 having metting temperature 50-52°C); 
after 28 g of VDF consumed, 67 g of HCFC 1 23 are fed as chain transfer agent; 

The reaction is stopped after 2800 g of monomer have been reacted in a polymerization time of 520 min. The 
45 results are reported in Tables 1 -3. 

[0045] From Table 1 it is noticed how the productivity is notably lower than that of Example 1. 
[0046] From Table 2 it is noticed how the residual content of surfactant on the powder is higher than the values of 
Example 1. Besides, it is noticed that in this case wax residues are present. 
so [0047] In Table 3 it is shown as the polymer of Example 2, the MFI and T 2f being equal, results to have a more marked 
discoloration from the point of view of the plates molded from pellets and post treated in temperature. 

EXAMPLE 3 (comparative) 

55 Preparation of the microemulsion (microemulsion B) 

[0048] In a glass reactor equipped with stirrer, under mild stirring, are added: 
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1 ») 50 g of acid having number average molecular weight 570 and the formula: 

CF 3 0(CF 2 -CF(CF3)0) m .(CF 2 0) n .CF 2 COOH 

containing 2S% by weight of fractions with molecular weight higher than 700 and 25% by weight of fractions having 

a molecular weight comprised between 600 and 700; 

2°) 22.86 g of 10% by weight NH 4 OH solution; 

3°) 60.47 g of demineralized water; 

4°) 30 g of Galden( R ) having the formula: 



CF 3 0(CF 2 -CF(CF 3 )0) m ,(CF 2 0) n .CF3 

wherein m'/n' = 20, having number average molecular weight = 760. 
[0049] The obtained system results perfectly clear between 1 9 and 68°C. 
VDF Polymerization 

[0050] Ina21 1 horizontal reactor, equipped with stirrer working at 50 rpm, 16 1 of H 2 0 and 90 ml of the microemulsion 
B containing 35.2 g of surfactant, are introduced. The example follows the scheme of Example 1 except that 89 g of 
HCFC-123arefed. - - 

[0051] After 4800 g of reacted monomer the reaction is stopped. The total time of polymerization results equal to 
432 minutes. .'. : 

[0052] The results are reported in Tables 1 , 2, 3. From these tables it is stressed how the productivity is high but the 
quality of the polymer in terms of residual contamination by surfactant and colour of the molded sheets is poor. 



TABLE 1 





| Exampl* 1 


Example 2 
(comp) 


Example 3 
(comp) 


number particles/ 1 H,0 


5.3x10" 


6.1xl0 l$ 


1.4xl0 17 


latex concentration 
(g polymer/1 latex) 


250 


165 


250 ! 


polymerization time 
(minutes) 


486 


520 


432 



TABLE 2 





| Example 1 


Example 2 

(comp) 


Example 3 
(comp) 


r ■ — ™ — - — — 

R residual surfactant powder 
[ (ppm) 


70 


200 


1200 | 


| residual wax powder (ppm) 


0 


1500 


0 
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TABLE 3 



5 



15 





Ex amp la 1 


Example 2 

( eoinnl 


Example 3 1 

\ w Dffly / g 


MPI at 5 kg (g/10 cnin) 


2 


2 


3 | 


T 2f (°C) 


166 


167 


166 | 


sheet molded from pellet 
200°C x 2 min 
WHITE INDEX 


75 


65 


36 


post-treated sheet 
250°C x 2 ore 
WHITE INDEX 


45 


38 


28 



Claims 

20 

1. Process for the polymerization of Vinyiidenfluoride (VDF), optionally modified with amounts comprised between 
0. 1 and 10% by moles of one or more fluoro-containing comonomers, carried out in the presence of a microemulsion 
comprising a (per)fluoropolyether having neutral end groups, or microemulsions of fluoropolyoxyalkylenes having 
hydrogen-containing end groups and/or hydrogen-containing repeating units, or microemulsions of fluoropolyoxy- 

25 alkylenes having hydrogen-containing end groups and/or hydrogen-containing repeating units and hydrocarbons 

C 1 -Cgo, of aliphatic, aromatic or mixed type, optionally containing halogens, said fluoropolyethers having number 
average molecular weight from 400 to 3000, and a surfactant based on perfluoropotyethers with carboxylic end 
group salts, said surfactant having a number molecular weight Mn comprised between 400-600 and having a 
distribution of molecular weight such that fractions having a number average molecular weight higher than 700 

30 are not present or are present in amount less than 5% by weight. 

2. Process according to claim 1 , wherein the surfactant based on perfluoropolyethers is a sodium salt. 

3. Process according to claims 1 -2, wherein a microemulsion comprising a pe rf I uoropoly ether with neutral end groups 
35 is utilized. 

4. Process according to claims 1-3, wherein chlorotrifluoroethylene (CTFE), hexafluoropropene (HFP), tetrafluor- 
oethyelne (TFE) are utilized as comonomers. 

40 5. Process according to claim 4, wherein the amount of modifying comonomer is comprised between 0.5-6% by moles. 

6. Process according to claims 1-5, wherein the perfluoropolyu ethers with neutral end groups, optionally the end 
groups contaning an hydrogen atom, utilized for preparing the microemulsions, comprise as repeating units se- 
quences of one or more oxyfluoroalkylenic units such as -CF2(CF2) z O-, wherein z is an integer equal to 1 , 2 or 3, 

45 -CR4R 5 CF 2 CF 2 0- wherein R 4 and R 5 equal to or different from each other are chosen from H, CI or perfluoroalkyl 

from 1 to 4 carbon atoms, -CF 2 CF(CF 3 )0-, -CFYO-, wherein Y is equal to F or CF 3 . 

7. Process according to claim 1 , wherein the surfactant has number average molecular weight Mn comprised between 
400 and 550. 

so 

8. Process according to claim 6, wherein the perfluoropolyethers comprise as repeating units sequences of the class- 
es: 

a) (C 3 F 6 0) m ,(CFYO) n , wherein the unit (C 3 F e O) and (CFYO) are perfluorooxyalkylenic units statistically dis- 
ss tributed along the chain; m' and n' are integers such as to give the molecular weight indicated above, and mV 
n* is comprised between 5 and 40, when n' is different from 0; Y is equal to F or CF 3 ; n' can be also 0; said 
units inside the fluoropolyoxyalkylenic chain can optionally be bound among each other by a bond O-RyO-, 
wherein R' f has the meaning defined in c) ; 
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bXCaF^CFYO^fCaFeO),. 

wherein p' and q' are integers such that p'/q 1 ranges between 5 and 0.3, preferably 2.7-0.5, and such that the 
molecular weight is the one indicated above; t* being an integer with the meaning of m\ Y = F or CF 3 ; V can 
be 0 and q'/q'+p'+t' lower than or equal to 1/10 and the t7p' ratio is from 0.2 to 6; 

c) CR 4 R5CF 2 CF 2 0 wherein R 4 and R 5 are equal to or different from each other and chosen from H, CI or 
perfluoroalkyl, for instance having 1-4 C atoms, the molecular weight being that indicated above, said units 
inside the fluoropolyoxyalkylenic chain being bound each other as follows: 

(OCR 4 R 5 CF 2 CF 2 ) p .OR' f -0-(CR 4 R 5 CF 2 CF 2 0) q 

wherein R' f is a fluoroalkylenic group, for instance from 1 to 4 C, p and q are integers from 0 to 200, and p-tq 
is at least 1 and such that the molecular weight is that indicated above, 

d) CF(CF 3 )CF 2 0 

said units being linked each other inside the fluoropolyoxyalkylenic chain as follows: 

(OCF 2 CF(CF 3 )) a O-CF 2 (R' f ) x CF 2 0-(CF(CF 3 )CF 2 0) b 

wherein R', has the meaning indicated above, x is 0 or 1 , a and b are integers and a+b is at least 1 and such 
that the molecular weight is that indicated above, 

e) (C 2 F 4 0) a .(CFYO) b .. 

wherein a* and b* are integers such that the molecular weight is inside the indicated range, a'/b' ranges between 
5 and 0.3, preferably between 2.7-0.5, Y has the meaning indicated above. 

9. Process according to claims 1-8, wherein the neutral end groups of the perfluoropolyethers are perfluoroalkyls 
from 1 to 3 carbon atoms, CICF 2 CF(CF 3 )-, CF 3 CFCICF 2 -, CICF 2 CF 2 -, CICF 2 -, in the case of microemulsions of 
fluoropolyoxyalkylenes having hydrogen-containing end groups, these are of the -CF 2 H, -CF 2 CF 2 H, -CFH-CF 3 
type. 

10. Process according to claims 1-9, wherein the perfluoropolyether surfactants have the same repeating units indi- 
cated for perfluoropolyethers. 

11. Process according to claims 1-10, wherein the perfluoropolyethers have the following general formula: 

R f O(CF 2 -CF(CF 3 )0) m .(CFYO) n .R' f 

having a random distribution of the perf luorooxyalkyienic units, whereien Rj and R' f equal to or different from each 
other are neutral end groups as defined above, m' and n' are integers such as to meet the above requirements of 
molecular weight, Y has the meaning indicated above; the surfactant based on perfluoropolyether has the following 
formula: 



R f -0-(CF 2 CF(CF 3 )-0) m ,-(CFY-0) n .-CF 2 COONa 
wherein Rf, m\n' and Y have the above meaning indicated. 



Patentanspruche 

1. Verfahren zur Polymerisierung von vlnylidenfluorid (VDF), gegebenenfalls modifiziert mit einem Oder mehreren 
fluorhaltigen Comonomeren in Mengen zwischen 0,1 und 10 Mol-%, durchgefuhrt in Anwesenheit einer Mikro- 
emulsion, die (Per)fluorpolyether mit neutralen Endgruppen enthalt, oder Mikroemulsionen von Fluorpolyoxyalky- 
lenen mit wasserstoffhaltigen Endgruppen und/oder wasserstoffhaltigen sich wiederholenden Einheiten, oder Mi- 
kroemulsionen von Fluorpolyoxyalkylenen mit wasserstoffhaltigen Endgruppen und/oder wasserstoffhaltigen sich 
wiederholenden Einheiten und C r C 20 -Kohlenwasserstoffen vom aliphatischen, aromatischen oder gemischten 
Typ, die gegebenenfalls Halogene enthaften, wobei die Fluorpotyether zahlenmittleres Molekulargewicht von 400 
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bis 3000 besitzen, und einer oberflachenakth/en Verbindung auf Basis von Perfluorpofyethem mit Carbonsaure- 
endgruppensalzen, wobei die oberflachenaktive Verbindung ein zahlenmittleres Molekulargewicht Mn zwischen 
400 und 600 und eine solche Molekulargewichtsverteilung aufweist, daft die Fraktionen mit einem zahlenmittleren 
Molekulargewicht uber 700 nicht anwesend sind Oder in Mengen von weniger als 5 Gew.-% anwesend sind. 

Verfahren nach Anspruch 1, wobei die oberflachenaktive Verbindung auf Basis von Perfluorpolyethem ein Natri- 
umsalz ist. 

Verfahren nach den Anspruchen 1-2, wobei eine Mikroemulsion, die einen Perfluorpolyether mit neutralen End- 
gruppen enthalt, verwendet wird. 

Verfahren nach den Anspruchen 1 -3, wobei Chlortrifluorethylen (CTFE), Hexafluorpropen (HFP), Tetrafluorethylen 
(TFE) als Comonomere verwendet werden. 

Verfahren nach Anspruch 4, wobei die Menge an modifizierenden Comonomeren zwischen 0,5 und 6 Mol-% Hegt. 

Verfahren nach den Anspruchen 1 -5, wobei die Perfluorpolyether mit neutralen Endgruppen, wobei gegebenenfalls 
die Endgruppen ein Wasserstoffatom enthalten, die zur Herstellung der Mikroemulsionen verwendet werden, als 
sich wiederholende Eiriheiten Sequenzen von einer oder mehreren oxyfluoralkylenischen Einheiten wie z.B. -CF 2 
(CF 2 ) z O-, wobei z eine ganze Zahl gleich 1 , 2 oder 3 ist, -CR^CF^F^-, wobei R 4 und R 5 gleich oder vonein- 
ander verschieden sind und ausgewahlt sind aus H, CI oder Perfluoralkyl mit 1 bis 4 Kohlenstoffatomen, -CF 2 CF 
(CF 3 )Ch -CFYO-, wobei Y gleich F oder CF 3 ist, enthalten. 

Verfahren nach Anspruch 1, wobei die oberflachenaktive Verbindung ein zahlenmittleres Molekulargewicht Mn 
zwischen 400 und 550 besitzt. - "-- 

Verfahren nach Anspruch 6, wobei die Perfluorpolyether als sich wiederholende Einheiten Sequenzen der folgen- 
den Klassen enthalten: - 

a) (C 3 F 6 0) m .(CFYO) n ., wobei die Einheit (C 3 F e O) urid (CFYO) perfluoroxyalkylenische Einheiten sind, die 
statistisch entlang der Kette verteilt sind; m 1 und n' ganze Zahlen sind, so daft sich das oben angegebene 
Molekulargewicht ergibt, und nrT/n' zwischen 5 und 40 liegt, wenn n' von 0 verschieden ist; Y ist gleich F oder 
CF 3 ; n' kann auch 0 sein; die Einheiten innerhalb der fluorpolyoxyalkylenischen Kette konnen gegebenenfalls 
miteinander durch eine Bindung -ORyO- verbunden sein, wobei R* f die in c) definierte Bedeutung besitzt; 

b) (C 2 F 4 0) p .(CFYO) q .-(C 3 F 6 0) t ., worin p' und q' ganze Zahlen sind, derart, da3 p7q' im Bereich von 5 und 0,3, 
vorzugsweise 2,7 und 0,5 liegt, und so, daG das Molekulargewicht das oben angegebene ist; V eine ganze 
Zahl mit der Bedeutung von m' ist, Y = F oder CF 3 ; t* 0 sein kann und q'/q'+p'+t* kleiner als oder gleich 1/10 
ist und das Verhaltnis tVp' von 0,2 bis 6 liegt; 

c) CF 4 R 5 CF 2 CF 2 0, wobei R 4 und R 5 gleich oder voneinander verschieden sind und ausgewahlt sind aus H, 
CI oder Perfluoralkyl, zum Beispiel mit 1 -4 C-Atomen, wobei das Molekulargewicht das oben angegebene ist, 
und die Einheiten innerhalb der fluorpolyoxyalkenischen Kette wie folgt aneinandergebunden sind: 

(OCR 4 R 5 CF 2 CF 2 ) p - O -RyO-(CR 4 R 5 CF 2 CF 2 0) q 

worin R' f eine fluoralkylenische Gruppe, zum Beispiel mit 1 bis 4 C, p und q ganze Zahlen von 0 bis 200 und 
p+q wenigstens 1 ist und so, daG das Molekulargewicht das oben angegebene ist; 

d) CF(CF 3 )CF 2 0 

"wobei die Einheiten innerhalb der fluorpolyoxyalkylenischen Kette wie folgt miteinander gebunden sind: 
(OCF 2 CF(CF 3 )) a O-CF 2 (R' f ) x CF 2 -0-(CF(CF 3 )CF 2 0) b 

worin R' f die oben angegebene Bedeutung besitzt, x 0 oder 1 ist, a und b ganze Zahlen sind und a+b wenigstens 
I ist und so, daG das Molekulargewicht das oben angegebene ist; 
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e) (C 2 F 4 0) a .(CFYO) b . 

worin a' und b' ganze Zahlen sind, so daB das Molekulargewicht innerhalb des angegebenen Bereichs ist, a'/ 
b' zwischen 5 und 0,3, vorzugsweise zwischen 2,7 und 0,5 liegt, Y die oben angegebene Bedeutung besitzt. 

9. Vertahren nach den Anspruchen 1 -8, wobei die neutralen Endgruppen der Perfluorpolyether Perfluoralkyle mit 1 
bis 3 Kohlenstoffatomen, CICF 2 CF(CF 3 )-, CF 3 CFCICF 2 -, CICF 2 CF 2 -, CICF 2 -, im Fall von Mikroemulsionen von 
Fluorpotyoxyalkylenen mit wassersloffhaltigen Endgruppen, diese vom Typ -CF 2 H, -CF 2 CF 2 H, -CFH-CF 3 sind. 

10. Vertahren nach den Anspruchen 1-9, wobei die oberftachenaktiven Perfluorpolyether dieselben sich wiederholen- 
den Einheiten wie fur Perfluorpolyether angegeben enthalten. 

11. Vertahren nach den Anspruchen 1-10, wobei die Perfluorpolyether die folgende allgemeine Formel besitzen: 

R f O(CF 2 -CF(CF 3 )0) m .(CFYO) n .R- f : 

mit einer statistischen Verteilung der perfluoroxyalkylenischen Einheiten, wobei Rf und R" f gleich Oder verschieden 
voneinander neutrale Endgruppen wie oben definiert sind, m' und n* ganze Zahlen sind, so daB die oben angege- 
benen Erfordernisse des Molekulargewichts erfullt sind, Y die oben angegebene Bedeutung besitzt; die oberfla- 
chenaktive Verbindung auf Basis von Perfluorpolyether die folgende Formel besitzt: 

R r O-(CF 2 CF(CF 3 )-0) m , - (CFY-0) n , -CF 2 COONa _" 

worin Rf, m\ n' und Y die oben angegebenen Bedeutungen haben. - 



Revendications 

1 Procede de polymerisation de fluorure de vinylidene (VDF), eventuellement modifie par des quantites comprises 
entre 0,1 et 10 % en moles d'un ou plusieurs comonomeres fluores, mis eh oeuvre en presence cfune micro- 
emulsion comprenant un (per)fluoropolyether ayant des groupes terminaux neutres, ou de micrc-emulsions de 
fluoropolyoxyalkylenes ayant des groupes terminaux hydrogenes et/ou des motifs rep6titifs hydrogenes, ou de 
micro-emulsions de fluoropolyoxyalkylenes ayant des groupes terminaux hydrogenes et/ou des motifs repetitifs 
hydrogenes et des hydrocarbures en C 1 a C 20 de type aliphatique, aromatique ou mixte : contenant eventuellement 
des halogenes, lesdits fluoropolyethers ayant une masse moleculaire moyenne en nombre de 400 a 3000, et d'un 
tensioactif a base de perfluoropolyethers avec des sels d'un groupe terminal carboxylique, ledit tensioactif ayant 
une masse moleculaire moyenne en nombre Mn comprise entre 400 et 600 et ayant une distribution des masses 
moleculaires telle que des fractions ayant une masse moleculaire moyenne en nombre superieure a 700 ne soient 
pas presentes ou soient presentes en une quantite inferieure a 5 % en poids. 

2. Precede selon la revendication 1 , dans lequel le tensioactif a base de perfluoropolyethers est un sel de sodium. 

3. Procede selon les revendications 1 -2, dans lequel on utilise une micro-emulsion comprenant un perfluoropolyether 
ayant des groupes terminaux neutres. 

4. Procede de polymerisation du VDF selon les revendications 1 -3, dans lequel on utilise en tant que comonomeres 
du chlorotrifluorethylene (CTFE), de I'hexafluoropropene (HFP), du tetrafluorethylene (TFE). 

5. Procede selon la revendication 4, dans lequel la quantite du comonomere modifiant est comprise entre 0,5 et 6 
% en moles. 

6. Procede selon les revendications 1 -5, dans lequel les perfluoropolyethers ayant des groupes terminaux neutres, 
les groupes terminaux contenant eventuellement un atome d'hydrogene, utilises pour preparer les micro-emul- 
sions, comprennent en tant que motifs repStitifs des sequences d'un ou plusieurs motifs oxyfluoralkyleniques tels 
que -CF 2 (CF 2 ) z O-, ou z est un entier egal a 1, 2 ou 3, -CR 4 R 5 CF 2 CF 2 0-, ou R 4 et R 5 , qui sont identiques I'un a 
I'autre ou differents I'un de I'autre, sont choisis parmi H, CI ou les groupes perfluoralkyle ayant de 1 a 4 atomes 
de carbone, -CF 2 CF(CF 3 )0-, -CFYO- ou Y est F ou CF 3 . 



10 



EP 0 816 397 B1 



7. Procede selon la revendication 1 , dans lequel le iensioactif a une masse moleculaire moyenne en nombre Mn 
comprise entre 400 et 550. 

- 8. Precede selon la revendication 6, dans lequel les perfluoropolyethers comprennent en tant que motifs repetitifs 
s des sequences appartenant aux classes suivantes : 

a) (C 3 F 6 0) m .(CFYO) n ., ou les motifs (C 3 F e O) et (CFYO) sont des motifs perfluoroxyalkyleniques statistique- 
ment distribues le long de la chatne ; m' et n' sont des entiers conduisant a la masse moleculaire indiquee ci- 
dessus, et m7n' est compris entre 5 et 40, quand n' est different de 0 ; Y est F ou CF 3 ; n* peut aussi etre egal 

10 a 0 ; lesdits motifs a I'interieur de la chatne fluoropolyoxyalkylenique peuvent Stre eventuellement lies Tun a 

I'autre par une liaison -0-R' r O-, ou R' ( a les significations donnees en c) ; 

b) (C 2 F 4 0) p .(CFYO) q ,- (C 3 F 6 0) t , 

ou p* et q' sont des entiers tels que p7q' soit compris entre 5 et 0,3, de preference entre 2,7 et 0,5, et tels que 
la masse moleculaire soit celle qui est indiquee ci-dessus ; V 6tant un entier ayant la signification de m\ Y = 
15 F ou CF 3 ; V peut Stre egal a 0, et q'/q'+p'+t' est infSrieur ou egal a 1/10, et le rapport t'/p' vaut de 0,2 a 6 ; 

c) CR4R5CF2CF2O ou R 4 et R 5 sont identiques Tun a I'autre ou differents Tun de Pautre, et sont choisis parmi 
H, CI ou les groupes perfluoroalkyle; ayant par exempte de 1 a 4 atomes de carbon e, la masse moleculaire 
etant ceile qui est indiquee ci-dessus, lesdits motifs a I'interieur de la chatne fluoropolyoxyalkylenique etant 
lies I'un a I'autre comme suit : 

20 

(OCR 4 R 5 CF 2 CF 2 ) p - 0-R' f -0-(CR 4 R 5 CF 2 CF 2 0) q 

ou R' f est un groupe fluoralkylenique, ayant par exemple de 1 a 4 atomes de carbone, p et q sont des entiers 
25 - de 0 a 200, et p+q vaut au moins 1 , et est tel que la masse moleculaire soit celle qui est indiquee ci-dessus, 

- d) CF(CF 3 )CF 2 0 

lesdits motifs etant lies I'un a I'autre a I'interieur de la chatne fluoropolyoxyalkylenique comme suit : 

30 (OCF 2 CF(CF 3 )) a 0-CF 2 (R' f ) x CF 2 -<>(CF(CF 3 )CF 2 0) b 

ou R' f a les significations donndes ci-dessus, x vaut 0 ou 1 , a et b sont des entiers, et a+b vaut au moins 1 , 
et est tel que la masse moleculaire soit celle qui est indiquee ci-dessus, 
e) (C 2 F 4 0) a , (CFYO) b . 

35 ou a' et b' sont des entiers tels que la masse moleculaire soit comprise dans I'intervalle indique, a'/b* est 

compris entre 5 et 0,3, de preference entre 2,7 et 0,5, Y a les significations donnees ci-dessus. 

9. Procede selon les revendications 1 -8, dans lequel les groupes terminaux neutres des perfluoropolyethers sont 
des groupes perfluoroalkyle ayant de 1 a 3 atomes de carbone, ClCF 2 CF(CF 3 )-, CF 3 CFCICF 2 -, CICF 2 CF 2 -, 

40 CICF 2 -, et, dans le cas de micro-emulsions de fluoropolyoxyalkylenes ayant des groupes terminaux hydrogenes, 

ces derniers sont du type -CF 2 H, -CF 2 CF 2 H, -CFH-CF 3 . 

10. Procede selon les revendications i-9, dans lequel les tensioactifs de type perfluoropolyether ont les memes motifs 
repetitifs que ceux qui sont indiques pour les perfluoropolyethers. 

45 

11. Procede selon les revendications 1-10, dans lequel les perfluoropolyethers ont la formuie generate suivante : 

R f O(CF 2 -CF(CF 3 )0) m .(CFYO) n .R' f 

so 

avec une distribution statistique des motifs perfluoroxy-alkyleniques, ou R f et R" f sont identiques I'un a I'autre ou 
differents I'un de I'autre et sont des groupes terminaux neutres tels que definis ci-dessus, m' et n' sont des entiers 
permettant de satisfaire aux exigences ci-dessus de masse moleculaire, Y a les significations donnees ci-dessus ; 
le tensioactif a base d'un perfluoropolyether a la formuie suivante : 

55 

R f -0-(CF 2 CF(CF 3 )-0) m . - (CFY-0) n . -CF 2 COONa 
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dans laquelle R fl m\ n' et Y ont les significations indiquees ci-dessus. 
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